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(57) ABSTRACT 

A method of forming a mold having cavities for molding 
loop-engageable, hook-shaped fastener elements, includes: 
supporting a ?rst plate having an outer surface that de?nes a 
plane; manipulating a material-cutting beam of a laser along 
a predetermined curved pro?le to cut a cavity into the outer 
surface of the ?rst plate, the predetermined curved pro?le 
being generally hook-shaped, the cavity de?ned by a wall 
extending into the ?rst plate from the outer surface; in a 
series of subsequent actions, repeatedly indexing the ?rst 
plate relative to the laser to direct the material-cutting beam 
at further positions on the ?rst plate and repeating the step of 
manipulating the material-cutting beam of the laser relative 
to the ?rst plate to form a series of cavities, each having a 
hook-shaped pro?le; and positioning a second plate adjacent 
the outer surface of the ?rst plate, the second plate providing 
a side wall surface for each of the cavities of the ?rst plate, 
the ?rst plate and the second plate in combination forming a 
mold having cavities for molding loop-engageable, hook 
shaped fastener elements. Various methods for aligning such 
mold plates in a fastener element molding apparatus are also 
provided. A hook product includes a stem portion integrally 
molded with and extending from a sheet-form base to a dis 
tal end, the stem portion having a planar side; and a crook 
portion extending from the distal end of the stem portion to 
overhang the sheet-form base in an overhang direction, the 
crook portion having a ?at planar side co-planar with the 
planar side of the stem, and an upper surface extending 
upward from an upper extent of the planar side of the crook 
portion to an apex. 

19 Claims, 14 Drawing Sheets 
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FASTENER ELEMENT MOLDING 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[This application is a continuation-in-part of US. Ser. No. 
09/341,908, ?led May 8, 2002, now US. Pat. No. 6,533,981 
Which claims priority through PCT Application No. US98/ 
01053, ?led Jan. 20, 1998, from US. Continuation-in-Part 
application Ser. No. 08/926,517, ?led Sep. 10, 1997, Which 
issued as US. Pat. No. 6,039,556 on Mar. 21, 2000.] 
Continuation-in-part of US. Sen No. 09/341,908, ?led as 
application No. PCT/US98/O1053 on Jan. 20, 1998, now 
US. Pat. No. 6,533,981, which is a continuation-in-part of 
application Sen No. 08/926,51 7, ?led on Sep. 10, 1997, now 
US. Pat. No. 6,039,556, which is a continuation-in-part of 
application Ser. No. 08/786,226, ?led on Jan. 21, 1997, now 
US. Pat. No. 5,971,738. 

TECHNICAL FIELD 

This invention relates to molding features that are integral 
With a base, and has particular application to the production 
of fastener elements for touch fasteners and the like. 

BACKGROUND 

Hook elements for hook-and-loop touch fasteners and 
other products are effectively produced by the machine and 
method of Fischer US. Pat. No. 4,794,028. In commercial 
production, a mold roll is formed by a large number of thin, 
disk-shaped mold rings (sometimes called mold plates) and 
spacer rings Which are stacked concentrically about a central 
barrel. 

Discrete products are also injection molded With fastener 
elements extending from a base surface by employing, as 
part of the mold, a series of stacked mold plates de?ning an 
array of mold cavities. 

At the periphery of the mold rings or mold plates are 
cavities for molding the hook elements. In current produc 
tion machines each cavity of a mold ring has been formed, 
one at a time, by Wire electro-discharge machining (EDM). 
In the Wire EDM process, an electrical discharge between a 
Wire and the plate removes material from the plate While the 
Wire is moved along a speci?ed path to cut a pro?le through 
the mold plate. The minimum radius are that can be cut is 
determined by the radius of the EDM Wire. 

Molten resin is forced into the mold cavities, tending to 
raise the temperature of the mold rings. In practice of the 
Fischer method, a ?uid coolant is circulated through cooling 
passages Within the barrel on Which the rings are mounted to 
remove the heat from the rings. 

In this Way an appropriate temperature of the mold cavi 
ties is maintained so that the product becomes suf?ciently 
solid that it can be Withdrawn on a continuous basis, typi 
cally Without opening the mold cavities. 

SUMMARY 

In one aspect, the invention provides a method of forming 
a mold having cavities for molding loop-engageable, hook 
shaped fastener elements. The method includes: supporting a 
?rst plate having an outer surface that de?nes a plane; 
manipulating a material-cutting beam of a laser along a pre 
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2 
determined curved pro?le to cut a cavity into the outer sur 
face of the ?rst plate, the predetermined curved pro?le being 
generally hook-shaped, the cavity de?ned by a Wall extend 
ing into the ?rst plate from the outer surface; in a series of 
subsequent actions, repeatedly indexing the ?rst plate rela 
tive to the laser to direct the material-cutting beam at further 
positions on the ?rst plate and repeating the step of manipu 
lating the material-cutting beam of the laser relative to the 
?rst plate to form a series of cavities, each having a hook 
shaped pro?le; and positioning a second plate adjacent the 
outer surface of the ?rst plate, the second plate providing a 
side Wall surface for each of the cavities of the ?rst plate, the 
?rst plate and the second plate in combination forming a 
mold having cavities for molding loop-engageable, hook 
shaped fastener elements. 

Variations of this aspect of the invention can include one 
or more of the following features. The step of manipulating a 
material-cutting beam of a laser to cut a cavity includes posi 
tioning the material-cutting beam at an acute angle relative 
to the plane de?ned by the upper surface of the ?rst plate to 
form at least a portion of the Wall de?ning the cavity at a 
corresponding acute angle relative to the plane. The step of 
manipulating the material-cutting beam of the laser to cut 
the cavity includes cutting only partially through the ?rst 
plate, a remaining portion of the ?rst plate providing a sec 
ond side surface of the cavity, opposite the side surface 
formed by the second plate. The method further includes a 
step of forming a series of cavities on the second plate, the 
cavities of the second plate being of mirror image relative to 
the cavities of the ?rst plate, the step of positioning the sec 
ond plate adjacent the outer surface of the ?rst plate includ 
ing aligning the cavities of the ?rst plate With the cavities of 
the second plate to form a series of hook-shaped cavities, 
each having one side surface formed by a remaining portion 
of the second plate and an opposite side surface formed by a 
remaining portion of the ?rst plate. The second plate has 
opposite planar surfaces, the method further includes a step 
of forming a series of cavities extending into the second 
plate from one of the opposite planar surfaces, the step of 
positioning the second plate adjacent the outer surface of the 
?rst plate including aligning a non-cavitated portion of one 
of the opposite planar surfaces of the second plate With each 
of the cavities of the ?rst plate, the second plate providing a 
planar side Wall for each of the cavities of the ?rst plate. The 
step of manipulating a metal-cutting beam of a laser to cut a 
cavity includes cutting completely through the ?rst plate, the 
Wall of the cavity extending from the outer surface of the 
?rst plate to an opposite outer surface of the ?rst plate, the 
method further including a step of positioning a third plate 
adjacent the opposite outer surface of the ?rst plate, the sec 
ond plate and the third plates de?ning opposite side surfaces 
of each of the cavities. The series of mold cavities is 
arranged on a circular periphery to de?ne a mold ring. 

In another aspect, the invention provides a method of 
forming a mold plate for forming at least a portion of an 
adjacent series of hook-de?ning mold cavities, the mold 
plate provided for assembly With additional plates to form a 
molding apparatus for molding a fastener member having 
loop-engaging hook fastener elements extending from a 
base. The method includes: supporting a metal plate to 
expose a planar outer surface of the metal plate; controllably 
directing a metal-cutting beam of a laser along a predeter 
mined path to cut the metal plate to form the mold plate, the 
pro-determined path requiring the metal-cutting beam to out 
completely through a portion of the metal plate to de?ne a 
peripheral edge surface of the mold plate for molding a por 
tion of the base of the fastener member, the predetermined 
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path further requiring the metal-cutting beam to cut into the 
planar upper surface of the metal plate at predetermined 
intervals to de?ne a series of cavities in the mold plate for 
forming the loop-engageable hook fastener elements of the 
fastener member, each of the cavities being de?ned by a Wall 
extending into the mold plate from the planar upper surface 
and extending into the mold plate from the peripheral edge 
surface. 

Variations of this aspect of the invention can include one 
or more of the folloWing features. The metal-cutting beam is 
controllably directed to cut the metal plate so that at least a 
portion of the Wall of each of the series of cavities forms an 
acute angle relative to the planar outer surface. The metal 
cutting beam is controllably directed to cut the metal plate so 
that each of the series of cavities is de?ned by a Wall extend 
ing from the planar outer surface completely through to an 
opposite outer surface of the metal plate. 

In another aspect, the invention provides a method of 
forming a fastener member having a plurality of loop 
engaging fastener elements extending from a base. The 
method includes: (a) providing a metal plate having a planar 
surface; (b) cutting the metal plate With a beam of energy 
from a laser to form a mold ring having a peripheral edge 
surface, the beam of energy articulated in a pre-determined 
manner along a curved path to form a series of cavities in the 
mold ring, each cavity of the series having a Wall formed by 
the beam of energy that extends inWardly from the periph 
eral edge surface and extends inWardly from the planar sur 
face of the mold ring; (c) repeating steps (a) and (b) to form a 
plurality of mold rings; (d) assembling the plurality of mold 
rings in a stack-form to provide a molding apparatus With an 
exposed outer surface including the peripheral edge surface 
of each mold ring and the series of cavities extending 
inWardly therefrom; (e) introducing molten thermoplastic 
resin onto the exposed outer surface of the molding appara 
tus and into the series of cavities, the peripheral edge sur 
faces shaping the thermoplastic resin to form a surface of the 
base of the fastener member, the series of cavities shaping 
the thermoplastic resin to form the plurality of loop 
engaging fastener elements of the fastener member extend 
ing from the base; and (f) removing the thermoplastic resin 
in an at least partially solidi?ed state from the molding appa 
ratus to provide the fastener member. 

Variations of this aspect of the invention can include one 
or more of the folloWing features. The step of assembling the 
mold plates further includes providing additional ?at plates 
adjacent the mold rings in the stack-form of the molding 
apparatus, the additional ?at plates forming at least one side 
of some of the plurality of the loop-engaging fastener ele 
ments of the fastener member. At least one of the mold rings 
has laser cut cavities that are a mirror image of the cavities of 
another of the mold rings, the one and the another of the 
mold rings assembled adjacent each other in the molding 
apparatus so that their respective cavities mate to form oppo 
site sides of a loop-engaging fastener When ?lled With ther 
moplastic resin. The step of cutting the metal plate With a 
beam of energy from a laser to form a mold ring further 
includes controllably directing the beam of energy of the 
laser to cut the metal plate to de?ne the peripheral edge 
surface of the mold ring. The step of cutting the metal plate 
With a beam of energy from a laser to form a mold ring 
further includes controllably directing the beam of energy of 
the laser to cut the metal plate to de?ne an alignment hole in 
the mold ring. The step of assembling the mold rings in a 
stack-form to provide a molding apparatus further includes: 
providing an alignment shell de?ning a circular aligning 
surface, and at least one aligning bar; and arranging the rings 
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4 
in the stack-form With each ring being supported on its outer 
circumferential surface by the aligning surface, the aligning 
bar extending through a the aligning hole in each mold ring. 

In yet another aspect, the invention provides a method of 
aligning a multiplicity of thin, disk-shaped mold rings, each 
having an array of aligning holes and an outer circumferen 
tial surface, to form a mold roll. The method includes: pro 
viding an alignment shell de?ning a circular aligning 
surface, and at least one aligning bar; stacking the rings 
together to form a stack, each ring being supported on its 
outer circumferential surface by the aligning surface, With 
the aligning bar extending through a the aligning hole in 
each ring; axially compressing the stack of rings to maintain 
the radial alignment provided by the circular aligning sur 
face; and removing the aligned stack of rings from the align 
ment shell. 

Variations of this aspect of the invention can include one 
or more of the folloWing features. The mold plates are round 
and the step of forming includes laser-cutting the outer edges 
of the mold plates. The step of stacking includes axially 
stacking the round mold plates to form a mold roll. 

In another aspect, the invention provides a hook product 
for a hook and loop fastening system, the hook product 
including a plurality of hooks extending from a common 
sheet-form base. Each of the hooks has a stem portion and a 
crook portion. The stem portion is integrally molded With 
and extends from the sheet-form base to a distal end, and has 
a planar side. The crook portion extends from the distal end 
of the stem portion to overhang the sheet-form base in an 
overhang direction. The crook portion has a ?at planar side 
coplanar With the planar side of the stem, and an upper sur 
face extending upWard from an tipper extent of the planar 
side of the crook portion to an apex. 

Preferably, the upper surface extends at an angle of at least 
30 degrees With respect to the base, at the uppermost region 
of the crook portion. 

Preferably, the ?at planar side of the crook portion has a 
Width, at the uppermost region of the crook portion, of at 
least 50 percent of the overall Width of the hook. 

In some cases, the crook portion also includes an opposite 
side, the apex being located at one of the sides of the crook 
portion. 

In some embodiments, the crook portion further includes 
a second upper surface extending from the second side of the 
crook portion to the apex, Which may be located betWeen the 
?rst and second sides of the crook portion. 

In some examples, the crook portion also has a ?rst loWer 
surface that, in a cross-section taken perpendicular to the 
base and the ?rst side surface through an uppermost region 
of an underside of the crook portion, extends doWnWard 
from the ?rst side surface of the crook portion. In some 
cases, the crook portion also has a second loWer surface that, 
in the same cross-section, extends doWnWard from the sec 
ond side surface of the crook portion to intersect the ?rst 
loWer surface. 

Preferably, the upper surface extends at an angle of at least 
30 degrees With respect to the base, at the uppermost region 
of the crook portion. 

Preferably, the ?at planar side of the crook portion has a 
Width, at the uppermost region of the crook portion, of at 
least 50 percent of the overall Width of the hook. 
The invention provides an advantageous hook product and 

advantages in the design and manufacture of fastening ele 
ments and hooks of such products by alloWing great design 
?exibility in selecting and producing cavity shapes for form 
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ing such fastening elements. This design ?exibility allows 
for the manufacture of fastening elements that are particu 
larly Well-suited for their intended applications because the 
base, stem and engaging head, or crook, design of such fas 
tening elements can be speci?cally tailored to accommodate 5 
expected strength and/or engageability requirements, such 
as, for example, those presented by loW-loft, nonWoven mat 
ing loop materials. 

The invention further provides advantages in the manu 
facture of fastening elements by providing greater precision 
and accuracy in the construction and assembly of the various 
pieces that form the molding apparatus from Which such 
fastening elements are manufactured. These construction 
and assembly advances provide for ef?ciency and reliability 
gains in the manufacture of fastening products. 

The details of one or more embodiments of the invention 
are set forth in the accompanying draWings and the descrip 
tion beloW. Other features, objects, and advantages of the 
invention Will be apparent from the description and 
draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic representation of a molding system 
employing a mold roll; 

FIG. 2 is a fragmentary vieW of a mold roll, according to 
the invention; 

FIG. 3 is an enlarged cross-sectional vieW, taken along 
line 3i3 in FIG. 2; 

FIG. 4 is an enlarged cross-sectional vieW, taken along 
line 4i4 in FIG. 3; 

FIGS. 4A through 4C are enlarged vieWs of a preferred 
embodiment of a hook feature formed by a cavity of the 
mold roll of FIG. 2; 

FIGS. 5A through 5D illustrate preferred methods of 
mold ring manufacture; 

FIG. 6 illustrates a method for aligning and assembling 
the mold roll; 

FIG. 6A is a side vieW of a molded fastener element With a 
sharp tip; 

FIG. 6B is a front vieW of the fastener element of FIG. 6A; 
FIG. 6C is a close-up vieW of area 200 of FIG. 6A; 

FIG. 7A is a perspective vieW of a concave mold surface; 

FIG. 7B is a side cross-sectional vieW of laser machining 
the mold surface of FIG. 7A; 

FIG. 8A is an edge vieW of adj acent mold plates forming a 
mold cavity With a curved mold surface and an opposing 
plate side surface; 

FIG. 8B is an edge vieW of mold plates forming a mold 
cavity With tWo opposing, curved mold surfaces; and 

FIG. 9 is a perspective vieW of an injection mold shoWing 
the orientation of a mold cavity diagrammatically. 

FIG. 10 is a side vieW of a hook fastener element formed 
by a mold ring manufactured according to the techniques 
illustrated in FIGS. 5C and 5D. 

FIG. 10A is a front vieW of the hook fastener element of 
FIG. 10. 

FIGS. 10B-10E are cross-sectional vieWs taken along 
respective lines in FIG. 10. 

FIGS. 11, 11A, 11B, 12, 12A and 12B are perspective 
vieWs of alternate embodiments of hook fastener elements. 

FIG. 13 is a cross-sectional vieW, taken along line 13i13 
in FIG. 11. 

FIG. 14 is a cross-sectional vieW, taken along line 14i14 
in FIG. 12. 
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Like reference symbols in the various draWings indicate 

like elements. 

DETAILED DESCRIPTION 

FIGS. 1-4 illustrate equipment useful for the continuous 
molding of synthetic resin to produce features that are inte 
gral With a base sheet, having particular application to the 
production of fastener elements for touch fasteners and the 
like. 

FIG. 1 shoWs a molding system using the molding roll for 
the production of hook elements for touch fastener products. 
The process and basic machine shoWn are in accordance 
With the Fischer techniques as described in US. Pat. Nos. 
4,775,310, 4,794,028 and 4,872,243, Which are hereby 
incorporated by reference as if they Were fully set forth. 
The mold roll 1 has miniature hook form mold cavities 

around its periphery for forming hook projections on an 
extruded strip-form touch fastener product 4. Mold roll 1 
comprises many annular, thin mold rings, for instance of 
0.006 to 0.020 inch thickness, held together as a stack. Heat 
softened synthetic resin 5 is forced into the cavities under 
pressure. In a continuous process, the hook-form projections 
at least partially solidfy in the mold cavities, and are then 
pulled out of the cavities in area 8 after the product has 
cooled to a temperature at Which the projections have solidi 
?ed suf?ciently to be pulled intact out of their mold cavities, 
remaining integral With the base sheet of the product. The 
projections are pulled out of mold roll 1 by passing the prod 
uct around an idler roll 44, and from there to the takeup 
assembly 50. 

In the present invention, the individual mold rings 9 of 
mold roll 1 are aligned and stacked axially around a common 
shaft 15. Rings 9 are held together under axial compression 
by an array of tie rods 16 extending through aligned holes in 
the stack of rings, running parallel to shaft 15 and tensioned 
by threaded nuts 17 at each end. 
An array of many coolant passages 22 pass through mold 

roll 1 near the periphery of mold rings 9 for improved cool 
ing of the mold cavities at the periphery of the mold roll. In 
one con?guration, cooling ?uid is pumped into the mold roll 
through an annular inlet 60 in shaft 15, and passes through 
shaft holes 62 and passages 64 of an inlet manifold 26. From 
the inlet manifold, the coolant passes through the mold roll 
along cooling passages 22 to an outlet manifold 25 at the 
other end of the mold roll, Which also has passages 64 to 
direct the coolant through shaft holes 65 and a return passage 
66 in shaft 15, to outlet 68. 

Referring to FIG. 3, the mold cavities 2 near the periphery 
of hold roll 1 are shaped to form fastener elements integral to 
a base sheet. These mold cavities 2 form features of about 
0.005 to 0.100 inch in height, and on the order of 0.005 to 
0.100 inch Wide. For improved cooling, coolant holes 21 are 
in close proximity to mold cavities 2, Within a distance d of, 
for instance, 0.2 inch. Also visible in this vieW is a gap 70 
betWeen tie rod 16 and the Wall of an associated hole 71 
through the mold roll. This gap enables improved mold ring 
alignment, as Will be discussed later. 
As seen in FIG. 4, in certain circumstances mold cavities 

2 are formed such that they do not extend through the entire 
thickness of a mold ring 9. With the mold cavities thus 
formed, mold rings 9 are stacked directly against one 
another, With the open surface 18 of one ring, for instance 
ring 9a, against the closed surface 19 of the next ring, for 
instance ring 9b, Which forms a side of the mold cavities in 
ring 9a. 
An advantage of forming mold cavities 2 such that they do 

not extend through the thickness of mold ring 9 is that they 
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may be used to form features With at least one curved side, 
formed by a concave surface 20. The resulting tapered and 
convex nature of the hooks, as shoWn in FIGS. 4A through 
4C, can contribute to the penetrability of the hooks into shal 
loW loops, such as presented by non Woven fabrics. In the 
case of extremely small hooks in close roWs, the portion 72 
of the mold ring that functions as a spacer betWeen roWs of 
hooks adds thickness to the ring and makes it easier to 
handle during fabrication and assembly. 

In other embodiments (not shoWn), the mold cavities 
extend through the thickness of the mold rings. In these 
con?gurations, spacer rings void of mold cavities are 
stacked betWeen mold rings to enclose the mold cavities that 
are otherWise de?ned in the mold rings. In yet another 
embodiment, mold cavities are formed on both sides of some 
mold rings, the array of mold cavities on the tWo sides of the 
ring being circumferentially offset to avoid interference 
betWeen mold cavities on mating rings. In another preferred 
embodiment a mold cavity for a given feature is formed by 
accurately aligned cavity portions in tWo or more mold rings 
to form a single mold cavity. 

Referring to FIG. 5A, in certain preferred embodiments a 
photochemical (PC) etching process is used to form mold 
cavities 2, 2', coolant passages 22, and other features, such as 
an alignment feature (not shoWn) for aligning adjacent indi 
vidual mold rings 9 during assembly of mold roll 1. In the 
embodiment illustrated, mold cavity 2 does not extend 
through the thickness of mold ring 9, While mold cavity 2' 
does. In the ring fabrication process, an etch-resistant photo 
resist material 131 is ?xed to the surfaces of a sheet 82 of 
mold ring material of the proper thickness and then devel 
oped by exposure to ultraviolet light through a mask (not 
shoWn) that is cut to produce the desired ?nal surface 
con?guration, including preferably the ?nished inner and 
outer diameters of the mold ring. The undeveloped photore 
sist material in areas beneath the mask remains ?xed to the 
sheet as the developed material 131 is removed. Etching 
?uid 32 is then sprayed on the surfaces of the sheet, etching 
the areas not covered by etch-resistant material 131. When 
the etching process is complete, material 131 is removed 
from the ?nished mold ring 9. As a natural result of the PC 
etching process the etching rate is sloWer at the bottom of the 
mold cavity, due in part to the dilution of the etching ?uid, 
thus creating a concave surface 20 at the bottom of molding 
cavity 2, and useful undercuts (not shoWn) in some arrange 
ments. 

In other preferred embodiments, especially those involv 
ing large hook elements and other features, the mold cavities 
are formed With PC techniques by etching through the thick 
ness of the sheet, e.g., as illustrated by cavity 2' of FIG. 5A, 
either from one side or by etching through both sides. 

An advantage of the PC process is that all of the features 
on a mold ring 9, including the inner and outer diameters, 
coolant holes 21 and mold cavities 2, 2' can be advanta 
geously produced at the same time or in an appropriate 
sequence, using precisely positioned masks in accordance 
With general photo-lithographic techniques, as employed 
e.g., in the semiconductor industry. In some cases, for 
instance, one side of a sheet of mold ring stock is appropri 
ately masked to etch all of the features to the depth of the 
mold cavities 2, and the other side of the sheet is masked by 
a system that holds registration to complete the etching of 
the inner and outer diameters and coolant holes 21 through 
the thickness ofmold ring 9. 

Referring to FIG. SE, a laser machining technique is 
employed in other embodiments to produce mold rings 9 
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8 
from a sheet 33 of ring stock. Using the laser machining 
process, hook pro?les cut through the thickness of sheet 33 
are readily formed, and these can be advantageously of 
smaller siZe than those previously formed using Wire EDM 
methods. For instance, hook elements as short as 0.005 to 
0.008 inch, With appropriately small radii of 0.001 or 0.002 
inch, can be formed. To produce a mold ring by the laser 
machining process, sheet 33 of the proper thickness is ?x 
tured to be presented to a laser head 34. A beam 35 of energy 
from laser head 34 removes material from sheet 33, accord 
ing to a programmed pattern, to produce a ?nished mold 
ring. Head 34 is typically mounted on a positionable base, 
such that the motion of the head can be controlled as desired 
to form the features of the ?nished ring. Transverse X-Y 
motion of a table carrying sheet 33 may also be employed. 
The depth of the groove produced by the effect of the beam 
35 on the sheet 33 is a function of the intensity or poWer of 
the beam 35, the material properties of the sheet 33, and the 
speed at Which the head 34 or sheet 33 is moved. Varying 
these parameters can produce the desired depth of the mold 
cavities, While also cutting through the entire thickness of 
the sheet to form the coolant holes 21, the holes 71 for the tie 
rods, and the ring inner and outer diameters. In the case 
Where a through-cut is not desired, particularly close control 
of the deposition of laser energy is maintained to limit the 
vaporization of the ring material to produce, for example, the 
general cavity shape of FIGS. 4A, 4B and 4C. 

In another embodiment, illustrated in FIG. 5C, laser head 
234 is maneuverable by an articulating arm that provides 
movement about a ?ve-axis Qi, Y, Z, A1, A2) orientation of 
cutting laser beam 231 relative to sheet 236. Movement of 
head 234 is controlled by a programmable computer (not 
shoWn) that positions the head relative to sheet 236 so that 
emitted beam 231 vaporiZes portions of sheet 236 in a con 
trolled manner to produce, e. g., mold ring 238. In an altema 
tive embodiment, laser head 234 is held still While sheet 236 
is ?xed to an articulating table 237 that provides ?ve-axis 
QC, Y', Z', A1', A2') motion of sheet 236 relative to laser head 
234. In yet other embodiments, both head 234 and sheet 
?xturing table 237 are maneuverable so that, in combination, 
they provide relative movement of sheet 236 to head 234 
about a ?ve-axis orientation. 

Programmable articulation of head 234 relative to sheet 
236 alloWs for great design ?exibility in choosing the shape 
of a hook-forming cavity 240 formed by emitted beam 231. 
Particularly, the angle of beam 231 relative to sheet 236 is 
manipulable to form mold ring features such as peripheral 
edges, coolant passages, ring alignment holes or features, 
and/or hook forming cavities having Walls angled relative to 
a plane de?ned by outer side surface 242 of ring sheet stock 
236. Moreover, as illustrated in FIG. 5D, the amount of any 
such angle can be varied along the path of vaporization of 
mold ring stock 236. For example, mold ring 238 has a 
peripheral edge surface 244 that forms a substantially per 
pendicular angle, (X1, With side surface 242, While cavity 246 
has a hook base-forming portion 248 With an acute cavity 
Wall angle, (2, relative to side surface 242 and a hook tip 
forming portion 249 With an even more acute Wall angle, (x3 
relative to side surface 242. Hook forming cavities having 
variably angled Walls provide advantageous hook shapes as 
illustrated in FIGS. 10 through 12 and further described 
beloW. 

Referring to FIG. 6, the structure of the mold roll accord 
ing to the invention enables an improved mold ring align 
ment method, using a radial alignment shell 36 and one or 
more orientation bars 37. Preferably, the rings are sequen 
tially stacked about shaft 15 Which is concentrically aligned 








